Introduction
A lthough smoking is the most preventable cause of premature mortality, at least 6 million deaths worldwide are attributable to smoking each year. 1 To address this problem, the World Health Organization (WHO) and its Member States set a voluntary global target of a 30% relative reduction in the prevalence of current tobacco use by 2025. 2 While some WHO European Region countries are global tobacco control leaders, there is still a relatively low level of implementation of the WHO Framework Convention on Tobacco Control (WHO FCTC) in other European countries. Strengthening WHO FCTC implementation through the Health 2020 policy framework and the Roadmap of actions to strengthen implementation of the WHO FCTC 2015-2025 would ensure that no country is left behind.
WHO provides technical guidance on how to achieve the voluntary global target through the use of a set of six demandreduction measures, 3 named 'MPOWER'. 4 The MPOWER measures include: monitor tobacco use and prevention policies; protect people from tobacco smoke; offer help to quit tobacco use; warn about the dangers of tobacco; enforce bans on tobacco advertising, promotion and sponsorship; and raise taxes on tobacco. Each of the 'MPOWER' measures has been shown to reduce the prevalence of tobacco smoking, [5] [6] [7] but their effect depends on their level of implementation and the implementation of other tobacco control policies. 5, 6 As a consequence, policymakers need to know both the individual and the combined effects of those measures 4 in trying to reach by 2025 the WHO global target. 2 Tobacco-smoking prevalence in the South Eastern European countries is lower among females (ranging from 5.6% in the Republic of Moldova to 34.0% in Croatia) than males (ranging from 24.5% in Israel to 58.5% in Albania). Differences in these rates reflect the levels of policies implemented. Few countries had comprehensive smoke-free air laws or marketing bans. Most countries had weak cessation treatment support and health warnings. Most countries had excise taxes below 60% of the retail price. 8 The SimSmoke tobacco control simulation model has been developed for eight states in the United States and more than 30 countries. [9] [10] [11] [12] [13] Building on that model, a simplified, Excel-based version has been developed. 14 ' Abridged SimSmoke' requires fewer data than the original SimSmoke and uses data that are being collected for the biennial WHO global tobacco control reports (GTCRs). 8 Abridged SimSmoke still projects the individual and combined effects of 'MPOWER' measures on smoking prevalence and number of smoking-attributable deaths, thus enabling policymakers to better develop country-specific targets and strategies. The model has been previously applied to four countries: Egypt, Lebanon, Pakistan and Tunisia. 14 This paper applies Abridged SimSmoke to eleven middle-income and high-income South Eastern WHO European Region countries: Albania, Bosnia and Herzegovina (the Federation of Bosnia and Herzegovina and the Republika Srpska), Bulgaria, Croatia, Israel, Montenegro, Republic of Moldova, Romania, Serbia, Slovenia and the former Yugoslav Republic of Macedonia. The models are used to estimate the effect of applying the six tobacco control policies included in the MPOWER package on smoking prevalence (at 5, 15 and 40-years) and associated mortality (at 40-years).
Methods
Abridged SimSmoke uses data from a single year to project shortterm (5 years), mid-term (15 years) and long-term (40 years) effects of the implementing each tobacco control policy on the initial smoking prevalence. Abridged SimSmoke uses formulas similar to the complete SimSmoke to project the long-term effect of tobacco control policies on the number of smokers and the premature smoking-attributable deaths among current smokers alive today.
Smokers and smoking-attributable deaths
In each country, the number of smokers, by gender, is obtained by multiplying the respective smoking prevalence and the corresponding population size. The number of premature smoking-attributable deaths is then based on a formula suggested by Doll et al. 15 ; the number of deaths averted is calculated as 50% of the number of smokers. These estimates are based on high-income countries (HICs), which we expect more nearly also reflects the effects for low and middle income countries (LMICs) as income increases. However, because studies 16, 17 have shown that LMICs have lower relative mortality risks, the estimated smoking-attributable deaths are multiplied by 0.65 to also provide more conservative estimates for these countries.
Tobacco control policies and effect sizes
Abridged SimSmoke uses policy effect size estimates from the complete SimSmoke, which are based on literature reviews, 5 the advice of expert panels, and model validation. [9] [10] [11] [12] 18, 19 For each tobacco control policy, the effect size is applied as a relative reduction in smoking prevalence. To incorporate the ability of a tobacco control policy (with the exception of price policies) to affect health awareness, policy effect sizes are multiplied by an awareness adjustor (!1) for LMICs and a value of 1 (no adjustment) for HICs. An additional adjustment is applied to smoking cessation services and smoke-free policies to reflect the reduced ability to influence non-urban populations, measured as one minus percentage employed in agriculture. Finally, an adjustment is made to reflect medium-term and long-term policy. Based on the complete SimSmoke model, a short-term (at 5 years), a medium-term (at 15 years) and long-term multiplier (at 40 years) are estimated for each policy as: the relative change in prevalence (e.g. after 15 or 40 years) divided by the relative change in short-term prevalence (after 5 years).
The 'MPOWER' measures are described and their effect sizes listed in table 1. Due to the lack of systematic reviews of the effect of policies, we do not provide confidence intervals. We instead provide upper and lower bound ranges for sensitivity analysis, based on the range of results in the better evaluation studies for each policy. [11] [12] [13] The effect of fully implementing the tobacco control policies in line with the WHO FCTC depends on the initial implementation level of these policies.
Abridged SimSmoke distinguishes smoke-free laws applying to worksites, restaurants, bars, and other indoor public places. Worksite bans are further classified by: (1) ban in all indoor workplaces; (2) ban in indoor offices only; and (3) bans in three of the following four: health-care facilities, educational facilities, universities or government facilities. The effects are reduced by 50% in the absence of both publicity (based on tobacco control campaign expenditures) and complete enforcement (index = 1-10, with 10 = complete enforcement).
Smoking cessation policies include pharmacotherapy availability, financial coverage of the cessation support, and the availability of telephone quit lines. Pharmacotherapy availability evaluates if nicotine replacement treatment (NRT), bupropion and varenicline are available and their accessibility (with or without prescription). Financial coverage identifies the specific locations where the cessation services are offered: primary care facilities, hospitals, offices of health professionals, community and other locations.
Four levels of health warnings on cigarette packages are considered: (1) none; (2) weak (covers <33% of principal display area of the pack), (3) moderate (covers at least 33% of principal display area, and meets between one and seven of the seven WHO GTCR 2015 criteria 8 ; and (4) strong (covers at least 50% of principal display area and includes all seven criteria). An additional educational policy, also addressed in the WHO GTCR 2015, 8 is mass media campaigns. Abridged SimSmoke includes three levels: (1) low, if < US$0.05 per capita; (2) moderate, if ! US$0.05 but < US$0.50 per capita; and (3) high, if ! US$0.50 per capita.
Abridged SimSmoke classifies bans on tobacco advertising, promotion and sponsorship as: (1) none; (2) minimal (ban on at least two of three: television, radio or print advertising); (3) moderate (ban on newspaper, television, radio and print advertising and at least one type of promotion or sponsorship); and (4) comprehensive (all direct and indirect advertising). Lack of enforcement reduces the impact of marketing restrictions by as much as 50%.
Cigarettes taxation directly affects the cigarette price which, subsequently, influences cigarette use. Taxes are evaluated as a percentage of the retail price of cigarettes. Consistent with 'MPOWER' measures, Abridged SimSmoke considers the effect of increasing the excise taxes [including ad valorem taxes and/or specific (per unit) taxes directly on cigarettes] to 75% of the price. Converting the change in the excise tax into an implied percentage change in price, the prevalence elasticity is then applied to the percentage price change to project the relative reduction in smoking prevalence.
Abridged SimSmoke provides projections for the effects of individual as well as combined policies. When modelling combined policies, the effect sizes are proportionally reduced for each additional policy in a multiplicative fashion, thereby implying some duplicative effect of policies and bounding their overall combined effect. However, policy synergies are built into the model between mass media campaigns and both smoke-free laws and smoking cessation services.
Data
Individual models were built for the 11 middle-income and highincome WHO European Region countries: Albania, Bosnia and Herzegovina (distinguished as Federation of Bosnia and Herzegovina and the Republika Srpska), Bulgaria, Croatia, Israel, Montenegro, Republic of Moldova, Romania, Serbia, Slovenia and the former Yugoslav Republic of Macedonia. Based on World Bank classifications, Croatia, Israel, and Slovenia were classified as HICs and the other eight as MICs. Population size data for 2015 were derived from the United Nations. 20 The World Fact book 21 provided data on the percentage of the population employed in agriculture and on the unemployment rate. Country-level data on adult smoking prevalence were based on the most recent nationally representative survey that covered a wide age range. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] These surveys were conducted in 2007-14. Country-level data on current tobacco control policies were derived from the WHO GTCR 2015 8 and the Tobacco Control Database for the WHO European Region. 34 The data used in the country-specific models are presented in table 2 and the policy levels in Supplementary table S1. Table 3 shows the number of smokers and (premature) smokingattributable deaths of the smokers alive today under current policies. The number of current smokers ranges from 152 000 in Montenegro to almost 4.3 million in Romania. Serbia has the second highest and Bulgaria has the third highest number of smokers, almost 2.5 million The effects of stronger tobacco control measures consistent with WHO FCTC on short-term, mid-term and long-term on smoking prevalence and the long-term effects on the number of smokers and smoking-attributable deaths are presented in table 4 .
Results

Smokers and smoking-attributable deaths
Bulgaria and Albania were the only countries with comprehensive smoke-free policies by 2014. With more comprehensive smoke-free laws in all indoor public spaces and complete enforcement, the 39 for a description of the calculations. Tobacco cessation support was only provided in most places and through quitlines in Israel. Within 15 years, increasing from minimal provision to a well-publicized and comprehensive smoking cessation service yields a relative reduction in smoking prevalence of 2.5% in Romania up to 8% in Montenegro. Within 40 years, 250 000-384 000 smoking-attributable deaths could be averted in total with the greatest impact projected for Romania, Bulgaria, Serbia and Croatia.
Health warnings were generally weak in all countries. Requiring strong, graphic health warnings on cigarette packages is projected to reduce smoking prevalence by 4.5% within 15 years in all countries, except in Albania, Romania and the former Yugoslav Republic of Macedonia. In these countries, the relative reduction is projected to be 3%. Within 40 years, 260 000-400 000 smoking-attributable deaths could be averted in total with the greatest impact projected for Romania, Serbia and Bulgaria.
Mass media campaigns were at low levels in all other countries, except Romania. Within 15 years, the model projects a relative reduction in smoking prevalence in Romania of 3.7% by increasing from a moderately to a well-funded mass media campaign for tobacco control, and in all other countries by 6.3% from a low to a well-funded campaign. Within 40 years, 289 000-445 000 smoking-attributable deaths could be averted in total with the greatest impact projected for Romania, Serbia and Bulgaria.
Although all countries had some advertising restrictions, only Albania had complete ban on tobacco marketing. A comprehensive ban on advertising, promotion, and sponsorship that includes strong enforcement is projected, within 15 years, to yield a relative reduction in smoking prevalence from 2.6% in Croatia to 7% in the Republic of Moldova. Within 40 years, 290 000-446 000 smoking-attributable deaths would be averted in total with the greatest impact projected for Romania, Serbia and Bulgaria.
For all countries, an increase in excise cigarette taxes has the largest effect. Only Bosnia and Herzegovina, Bulgaria, Croatia, Israel, and Romania had taxes amounting to at least 65% of the retail price of cigarettes in 2014, while Moldova (34%), Albania (45%), Croatia (55%), Romania (56%) and Macedonia (57%) had rates below 60%. By increasing the excise tax to 75%, within 15 years, the model projects a relative reduction in smoking prevalence from 8.2% in Israel to 28% in the Republic of Moldova. Within 40 years, 1.1-1.8 million smoking-attributable deaths could be averted in total with the greatest impact projected for Romania, Serbia, Croatia, Bulgaria and the Republic of Moldova.
Potential effect for combined policies
For the combined effect of all tobacco control policies on smoking prevalence, the model projects a relative reduction of at least 23% within 5 years, of at least 30% within 15 years and of at least 35% within 40 years in all countries. Within 40 years, 2.1-3.2 million smoking-attributable deaths could be averted in total with the greatest impact projected for Romania, Serbia, Bulgaria, Croatia and the Republic of Moldova.
Discussion
Abridged SimSmoke may be used for both strategic planning and advocacy purposes. 35 The results show the need for stronger tobacco control policies consistent with the WHO FCTC, demonstrated by the large number of smoking-attributable deaths (range 5.0-7.6 million) with current tobacco control measures unchanged. If all 'MPOWER' measures were soon fully implemented, all 11 selected countries have the potential to achieve the Sustainable Development Goal global target of a 30% relative reduction in smoking prevalence by 2030. The Republic of Moldova, Montenegro and Croatia would have the potential to reach this target within the next 5 years. In addition, full implementation of the tobacco control measures is projected to avert 2.1-3.2 million deaths within 40 years in the 11 countries. Almost 600 000-900 000 deaths averted are projected for Romania alone.
The largest immediate and long-term gains are projected from increasing taxes to 75% of retail price. Only five countries tax at above 60% of retail price and two countries are below 50% of retail price. While the largest potential health effect can be achieved through taxation, the other tobacco control measures also play an important role. For instance, smoke-free laws have been implemented to a limited extent in most countries with relatively low compliance; coverage can be expanded and enforcement of these laws can be improved. Most countries have low level mass media campaigns. Anti-tobacco mass media campaigns not only play an important role alone in educating smokers about the benefits of cessation, but can also help increase compliance with smoke-free laws by educating the public about the dangers of exposure to second hand smoke. Except for Israel, smoking cessation policies are very limited. Smoking cessation services, especially when publicized by media campaigns, are important for quit success while other measures primarily increase quit attempts. Marketing restrictions are already fairly extensive, but can be easily expanded and better enforced. They are particularly effective in reducing smoking initiation by youth and young adults. 3, 4 Health warnings are weak in most countries, but play an important role in encouraging cessation.
Abridged SimSmoke has strengths. It is based on the complete SimSmoke model, in which policy effects are based on literature reviews 5 and the advice of expert panels, and validation has been conducted for many of the models. [9] [10] [11] [12] 18, 19 In addition, the results of the Abridged model have also been compared to results from the complete SimSmoke for selected countries and was found to replicate projections for the effect of individual and combined policies. Nevertheless the model projections have limitations.
First, the model does not incorporate likely future changes in smoking prevalence that may reflect the effect of previously implemented tobacco control policies. Mass displacements, geopolitical changes, and economic recession could, however, lead to progression of the tobacco epidemic 36 and a likely increase in smokingattributable deaths. Second, the model does not include youth and young adults who initiate smoking in future years (in the absence of strong policies), nor does it incorporate the benefits of newly implemented policies that reduce smoking initiation. In particular, smoking rates among women, which are currently low compared to males, may be expected to increase in the absence of stronger policies. By excluding this possibility, our results may understate the effects of policies.
A third limitation is that the model does not take into account that those who quit later in life will have elevated risks as former smokers, thus reducing some of the estimate health benefits from strong policies. However, some of the newer studies suggest higher relative risks than the studies used here, suggesting two-thirds of smokers dying prematurely from smoking. 37, 38 In addition, the effect of second-hand tobacco smoke exposure is not considered.
A fourth limitation is that the model only considers cigarette smoking and does not incorporate e-cigarette, water pipe or smokeless tobacco use. Smokeless tobacco and/or water pipe use is increasing. E-cigarettes use is already seen in some countries and may be expected to increase, particularly in upper MICs. Tobacco control policies, including taxation, may need to be applied to these alternative nicotine-delivery products.
Finally, the model includes tobacco control policy data that are restricted to a specific set of policies and definitions, mainly focusing on demand-reducing interventions. Other measures, such as policies directed at price minimizing behaviour or enforcement against smuggling, use of plain packaging, youth access and product content regulation, may also be employed to reduce tobacco use.
Conclusion
Full implementation of the tobacco control measures is projected to avert 2.1-3.2 million deaths within 40 years in the 11 countries. While subject to limitations, the projections from Abridged SimSmoke show that large potential health effects can be achieved, thereby providing strong justifications for implementing stronger tobacco control policies and accelerating the enforcement of tobacco control laws in 11 selected WHO European Region countries. The model also ranks the effects of the different policies. The results show the particularly strong effect of tax policies, but that greater coverage and better enforcement of smoke-free air laws, stronger graphic warnings and media campaigns, more comprehensive cessation treatment and broader coverage and better-enforced marketing restrictions also play an important role. In addition to implementing these measures, better surveillance and evaluation of tobacco control policies is needed to ensure their effective enforcement. 35 
Supplementary data
Supplementary data are available at EURPUB online.
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Key points
The Abridged SimSmoke examines the effects of implementing tobacco control policies on the initial smoking prevalence in 11 middle-income and high-income WHO European Region countries. The model highlights the relative contribution of different policies to reducing the tobacco health burden. It predicts that many premature deaths can be averted by implementing large increases in cigarette taxes, high intensity media campaigns, comprehensive cessation treatment programmes, strong health warnings, stronger smoke-free air laws and advertising bans. The projections show that within 15 years smoking prevalence can be reduced by at least 30% in all countries when all six tobacco control measures are fully implemented in line with the WHO FCTC.
